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INTRODUCTION 

( Oiphenylmethane diisocyanate ( HOI ) is one of the isocyanates tha ".. .. 

has been i n increasing industrial demand in recent years. Since it has a 

higher boili ilg point and is therefore less volatlle than tolyl ene diiso­

cyanata ( TDI ), it has been considered to be of low toxicity. Concern­

ing dermc to logical problems, only several case~ of MDI de rmatoses, includ­

ing cont:ct derwat~tis caus~d by ~rude MDI · and hydrogenated MDI have been · 

. reported.1 )?Ju3~ under certain condi t ions, such as. using HDI at an elevated . 

temperature4br with organic solvents and gases, the invasion of MDI into 

the bo dy is ·prouably rrade easier-, so that asthma-like syr.:p t oms or hyper­

sensitivity pnewr.onitis occur, as with ror?)6)7) . 

In the case of skin sensitization, percutaneous absor:ption of the , . . 

sensitizing substance rnus.t.be colisidered. The solvent is one of the 

important factors affecting pe~utaneous absorption. When a sensitizer 

is applied with a solvent that enhances cutaneous pe nmeability, its skin­

ser.~itizing ability. i s n·aturally increased?) 

As HOI i s ·usual l y utilized with organic solvents by industrial finns, 

·it may be potentially hazardous tor skin sensitization. Consc:quently, it 

was considered necessary to study the effects of solvents on skin sensi­

tization with MDI. 

·. 



OBJECTIVES 

·. 
' The purpose of this report was to study the eff ects of several 

industrial solvents, which are frequently utilized w·ith MDI, on skin 

SP..ns i_tization cau.;ed by'MOL 1n mice. The sk·in-sensitizi ng abi1ities 

of var i ous ~IDI solutions were evaluated by the roodified ear-flank. 

. test method~) For -·purposes .of comparison with the MDI ~s~1ts, TDI 

and two other isocyanat~ were also tested with several solvents 1n 

the same · manner~ 



SUMMARY 

The effects of solvents on skin r~ nsitization caused by MDI were 

studi ed with the modified ear- flank test method in BALB/c mice. 

Skin-sen s iti ~ing ability was compared in six MDI solutions. Except 

for ol ive oil, the other organic solvents chosen here are now frequently 

utili zed by industry to dissolve MDI and its products. Compared with 

olive oil, the solutions of etnyl acetat~, acetone, dichloromethane and 

toluene had strong sensitizing power . Among the four, there were almost 

no significant differences. 

However, in ~he case of dimethylformamide ( DMF), its primary 

irritation w~s very weak, and therefore no allergic reaction was induced 

upon challenge. In order to c1ari fJ this result, three other isocyanates 

in olive oil and DMF solutions were chosen to compare their skin-sensitiz­

ing ability . Dissolved in QMF, TDI, an aro~atic isocyanate, as i s ~ni, 

failed to sen ~ itize mice . . But, HOI ( an aliphatic isocyanate ) and IPDI 

t an alicyclic h~cyanate ) produced skin 3ensitization in Dr1F solution, 

though weaker than that in olive oil. 

The reason of the unusual ·results ofaprotic solvents, e.g., DMF, 

were clarified by separate experiment2 6{o be due to the faster rate 0f 

moisture absorption of the solvents. 

(3) 
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EXPERIMENTAL RESULTS 

1. Test animals 

BALB/cAnNCrj mice supplied by Charles River Japan, Inc. 

Sex: mJle 

Age: 10-11 weeks old 

Nunber: 166 in total, 10 for each MOJ solution ( ethyl acetate, 

acetone, dichloromethane, toluene, dimethylformamide, ethyl 

acetate: olive oil"" 1 : 1, 4cetone: olive oil= 1 : 1 and 

oliv: oil suspension ) and six for the dimethylsulfoxide solution 

50 in total, five for each TO! solution ( ethyl acetate, 

acetone, dichloromethane, toluene and dimethylformamide ) 

( 30 in total, three f01~ each isophorone di isocyanate ( !POI ) 

solution ( ethyl acetate, acetone, ethyl acetate : olive oil = 1 1, 

acetone : olive oil = 1 1 and olive oil ) 

40 in tota 1 , five for euch ~~ xamethyl ene di isocyanate ( HOI ) 

and !POI solution { olive oil and dimethylfonnamide ) 

2. Test methods 

2-1. Preparation of is ocyanate sohJti ons: 

The four isocyanates were st~parately dissolved in each sol vent to 

\ lllC'.ke sensitizing and challenging solutions. The so1utions were freshly 

prepared each time when they were applied to the mice. The isocyanates 

and solvents used in this report were as follows: 

!socyana tes 

MDI Pure-MOl, provided by Takeda Yakuhin-Kogyo Co. Ltd. 

TOI Tolylene-2,4··diisocyanate, 1st-grade, Wako Pure Chemical 

Industries ,Ltd. 

IPOI provided by Mitsubishi Chemical Ind.Ltd. 

HOI provided by Mitsubishi Chemical Ind.Ltd. 
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Sol vents 

Ethyl acetate Special grade, Kanto Chemical. Co. ,Inc. 

Acetone Special gradP, Kanto Chemical Co. ,Inc. 

Di chl ororrethane Special grade, Kanto Chemical Co. ,Inc. 

Toluene Special grade, Kanto Chemical Co. ,Inc. 

Oimethylformamide 

Dimethylsulfoxide 

Special grade, Nakarai Chemica1s,Ltd. 

Special gr~de, ~akarar Chemica~s,Ltd. 

'Jl i ve oil Dainippon Seiyaku Co. Ltd. 

2-?. Gauging apparatus for ear thickness: 

Dial thickness gauge ( Type G-1 ) manufactured by Ozaki 

Seisakusho Co. Ltd. 

Gauging area : 5 nm in diameter 

Gauging pressure : 30 g 

2-3 , Sensitization: 

For sensitization, 25% solution of each solvent was used for MDI 

and 5% for the other isocyanates . With a 1 ml syringe, 3/100 ml of 

each sensitizing solution was applied in drop form onto the area ( ca. 

1 cm2 ) on . the back of mice from whi ch the hair was pre vi ousl .Y depi1 at­

ed by hand. This application was conducted once a day for five con-

secuti'/e days . T 1e control mice received equivalent amount of the 

so 1 vent on 1 y. 

2-4. Challenge and determination of ear thickness: 

After five applications of the sensitizing solution or the solvent 

alone, all mice were left untreated for three days. The ear thickness 

was gauged on the fourth day subsequent t o the last sensitizi ng applica­

tion. Each mcuse (including the controls) was then challenged with 

the same kind of isocyanate and solvent at a lower concentration { 1%, 

0.3% or 0.1%) than that used for its previous se~sitization. The solu-

(5) 



( 
\ 

tion was painted on both sides of the ear usi ng a drawing brush. The 

ear thickness was measured again at three , 24 and 48 hr postchallenge. 

3. Test results 

3-1. Observation on MDI sensitization : 

During the sensitizing application, th~ ~~ y ~olutions of 25% MDI 

dichlorometrrane, tol uene, ethyl acetate, acetone and the mixture of 

the two latters with o'live oil -- and olive rdl suspension of 25% MDI 

produced primary irritant denmctitis. Sign~ such as reddening, swell­

ing, erosion and crusting appeared at the site of the se~s itization. 

However, the solution of 25% MDI in dimethylformamide ( ~MF ) 

caused only tiny erosions and depilation at the site. During the 

( sensitizing application, some whitish substance was observed there. 

( 

With other solutions, no visible matter appeared at the site of sensi-

tization. On the lOth d~y of the experi ment, the site where MDI-DMF 

solution had been dpplied did not appear much different from the same 

site on controls. ( Figs. 1 ,2,3) 

3-2. Comparison of ear thickness in mice sensitized with various 

solutions of MDI: 

Fig.4 shows the comparison of increase rate in ear thickness in 

mice sensitized with MDI in nine kinds of solvents. 

The thickness of the ear was determined for both ears at 48 r.r 

postchallenge and the results are expressed he~e as the increased 

pel·centage of the mean value of 10 mice. The significance of the 

difference be~een the mean values for the sensitized and the control 

mice was evaluated using the Student•s t test. 

When each mouse was challenged with 1% MDI in each solvent, all 
or DMSO 

the sensitized mice, except for the ones sensitized with DMFAsolution, 

showed a significant increase in ear thickness. The solutions of 

ethyl acetate, acetone, d1chloromethane and toluene showed a high rate 
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of increase. There was ~0 significant difference among the four 

systems, although there was a slight differenc~ between acetone and 

toltJene solu t~ ons. As a matter of fact, the olive oil ~uspension 

show~d a small increase. The two solutions of mixed solvents gave 

results in between the aforementioned four solutions and the olive oil 

suspension. 

As for the DMF solution, the results indicated that. it had failed 

to sensitize mice . Since DMF is a kind ·~ f aprotic polal"' solvent, it 

was clso attempted to use dimethylsulfoxide ( DMSO ), Q similar solvent 

with t-101 to sensitize mice. As shown in F~g. 4 , the results wer~ 'the 

same as with the DMF solution. 

3-3. Comparison of ear thickness in mice sensitized with IDI in four 

different solvents: 

For the purpose of comparison wi th the results of the MDI solu­

tions, TDI dissolved in fur· diff rent solven ts was tested by the same 

method . For sensitization and chal'lenge, 5% and 0.3% solutions were 

used, respectively. ·The results ar2 shown in Fig.5 . Tne results of 

TDI in olive oil are not shown here, because challengi ng with 0.3% 

solution has not yet been performed . But even when challenged with 

0.5% solution, there was n significant i ncrease in ear thickness. 

Therefore, the four so'lvents used in FiSJ.5 appear t have 7"" trong 

sensitizing power as compared to olive oil . 

The increase rate with tal uen e sol uti on was markedly high, but it 

must be noted that the rate of the control was also considerably high. 

3-4. Comparison of ear thickness in mice sensitized with l~DI in five 

d i ffe1·ent sol vents: 

The five different solutions of IPOI were also coffipared for skin· 

sensitization ability. Each n10 se '.'liaS sensiti zed with 5% soh•tion · 

and then challenged with 0.1% solution. The result~ are compared in 

Fig .6. It is obvious that thP. ethyl acetate and acetone solutions 



have strong ser.s i ti zing ab 'i 1 i ty as comrared to the other three with 

o 1 i ve oil , 

3-5. Comparison of ear thickness in mice sensitized with four kinds of 

isocyanates in olive oil or D~F: 

As the results of the MDI-DMF solu-cion differed uriexpectedly from 

those of the other solutions, TDI, IPDI ' and HOI were chosen to be test­

ed in DMF for comparison. Likewise, the results ~ olive oil were 

:ompa1·ed because of the inertness of ol,ive oil to the skin. 

During the sensiti1ing app.i,ation, the DMF solution of 5% TDI 

gave rise to whitish matter which was similar to that seen w·ith MDI-DMF 

solution at the sensitizing site. Consequently, very mild primary 

( irritation appeared ( Fig.7 ) and almost no increase in ear t~ickness 

( 

wa~ obtained upon challenge with 1% solution, while with 5% HOI and 

5% IPDI in DMF, primary irritant dermatitis occurred upon sensitization 

( Figs.8,9 ). Upon challenge with 1% sol ution, both isocyanates showed 

delayed reaction on the ears. These results are compared with those of 

olive oil in Fig . lO. It is apparent that the increase rate with HOI 

and especially IPDI in DMF is smaller· than that with olive oil. 

(8) 
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DISCUSS IOU 

The results of .this eAperiment shO'~ed that the skin-sensitizing 
the 

ability of ~101 .was definitely .stronger in~ solutions of ethyl acetate. 
· the ,solution. 

acetone, dichloromethane and toluene than inAo1ive oil'?. 

The reasons why olive .a.il was used with MDI,. though as a suspension ,. 

were firstly, because ·ii.. is: non-1rritative tO the· skin~ and secondly. fer J . 

comparison .to the rE~ults of- th~ previously reported TDI de~titis.9) Ps · 
the aforementioned four ~ol ~nts comp1etely dissolve MDI, the results 1Jf 

olive oil susp~sion cannot ~~compared .wi".:h the oth.er results in a stric:t 

sense. But the res!J1ts of TUI and IPDI, ·which are dissolved ~omplete.ly in .. 

Olive oil, cl ear·ly sho·l'l ·that- tile -~1 ive oil solutions hav~· a ·weaker Sf!O.Si-· 

ti zi .n·g power compared to thos.e. of the above four . sol vents. 

When the four sol vents are compared with each other~ tire sensitizing 

abil ·ity in l10I solutions appea~ to be little different. For TOI, the 

tal uene soll.ltion showed- stronger power. 

In order to discuss _the strength of skin-sensitizing ..abi11ty in 
. 

· detail, percutaneous abso-rption· of the chemical should be considered, as 

mentioned 2bove. -Firstly,. the ·solubility and affinity of the ·substance 

within the solut-ion are important, together w~th its activity coefficient~ 

Another important factor is th~ partition coefficient between the solvent 

and the skin barrier layer-. . Added to these, the physical properties of 
. . 

the sol vent itse1 f C'.ffect the absorption in relation to the contact time 

with the skin or cutaneous toxicity.lO~ut in the prese"t report, these 

details w.ere not studied~ . 
.. 

In compc1ring cutaneous toxicity, aprotic. polar solvents such as DM~lZ)- · 

or DMSo1 1~~ reported to be. highly taxi~. Persistent damage of the skin 

has beF found in vitro, presumably' resulting from displacement of \fate.-
. . 

and remov.:ll of lirids· • . The solutions of such solvents were ·therefore 

considert!d t o b.e strong sensitizers. 

.. 

. . .. : 
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In t hi s study, howev,er, each i socyanate in DMF pro(luced weaker cr no 

skin sensitization as compared with those in olive. oil. These results 

indi cate that a certain chemical reaction occurred between the isocyanates 

and the water in DMF solution. Namely, when Dt~F was used as solvent, the 

isocyanate groups, which were thought to be necessary for skin sensi ti_za­

tion, were consumed by the reaction. Therefore, the skin was not sensitiz-

ed. Beca:Jse of .the. fast reactivity of .;,.roma.tic i.s.o.cyanates, the DMF solL:­

tions of aromatic isocyanates did not produce skin sensitizati on at a1 1. 

But with the other two isocyanates, weak sensitizati on occurred, possibly 

uue to the slow reactivity of the isocyanate groups. 

The reaction of aryl isocyanates with DMF reportedly produces N-aryl-

N'-dimethylformamidines , triaryl isocyanates or pentaaryl-i,3,6,8,l0-penta­

zaspiro[4.5]decane-2,4,7,9-tetraones, depending upon the reaction condi­

tionl~)l%~t in eithe~ case, the reaction is known to proceed slowly at 

room temperature. S~.,;ch reactions are unl ·ikely to be considered as the 

main reason ·for the above r.esults, because .:-skin absorpti rm ~seems ·t o 

happen in a ~tter ~f mi~utes~ 5 ) 
The present expe~imental results are now considered to be caused by 

the reacti o of polyurea formation by the reaction of the ·isocyanate and 

the water absorbed by 0~1F. However, DMF is not an excepti on wi th regard 

( to the percentage of wa t er cuntained in it ( max. 0.2% ) , ·because acetone 
'-

( max. 0.25% ) and ethyl a~etate ( max. 0.2% 1 also cont3in a considerable 

amour.t of water. 

Therefore, a trace amount of water originally contained in DMF was 

not the essential cause of the unusual results. A series of chemical 

experiments were conducted by Inoue et a1~6 ~o cl arify the sa i d point. 

Consequently, it was found that unexpectedly fast ~oisture absorption of 

DMF was the cause of polyurea formation resulting frllm the disappearance 

of NCO groups in the DMF solution. 

( 10) 
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